Reported gastrointestinal neoplasms in nonhuman primates are reviewed, and the clinical and pathologic features of 11 new cases are described. The 11 monkeys had a total of 12 malignant gastrointestinal neoplasms; one had two primary carcinomas, one in the colon and one in the duodenum. Ten of the 12 tumors were adenocarcinomas: two in the duodenum, one in the jejunum, four in the distal ileum or region of the ileocecal valve and three in the large intestine. The remaining two lesions were a histiocytic lymphosarcoma of the stomach and a poorly differentiated sarcoma of the cecum. The 11 animals included nine Macaca mulatta, one Saguinus oedipus oedipus and one Galago crassicaudatus. All were adults and most were aged. There were six females and five males. Clinical signs included progressive weight loss, a palpable abdominal mass and intermittent diarrhea.
Early reports on neoplasia in nonhuman primates suggested that neoplasms occurred infrequently in these animals [ 11, 341. With the establishment of breeding colonies and particularly the regional primate centers, however, the average age of captive nonhuman primates has increased steadily; with this increased adult and aged population, there has been an increase in the number of reported tumors in nonhuman primates. This correlation of age with neoplasia has long been recognized in other species, including man. The association of cancer with advancing age in the nonhuman primate is evident particularly with malignant neoplasms of the gastrointestinal tract, which for purposes of this review includes the oral cavity and esophagus.
To date, 169 cases of proliferative lesions of the gastrointestinal tract have been reported in nonhuman primates. Of these, 122 were benign and 47 were malignant. A summary of reported benign lesions, both neoplastic and reactive, is given in table I. Reactive lesions are included partly because of convention, but also because the information on some is limited, making it difficult to separate reactive, proliferative lesions from benign neoplasms. This division, however, may not be that important and, in fact, is all too often arbitrary. Benign lesions have been reported in a variety of Old and New World monkeys and great apes. The majority, however, (107 cases) were in macaques, mostly juveniles or young adults, averaging five years old with a range of 3.5 to 9 years. No obvious sex preference was noted. Lesions were found throughout the gastrointestinal tract, but most (108) occurred in the stomach. Gastric lesions, with three exceptions, occurred in macaques; most of these were reactive lesions associated with the nematode parasite Nochtiu nochti. Examples of apparently benign neoplasms of the stomach, however, have been documented [2 1, 22, 391. Details of the 47 reported malignant gastrointestinal tract neoplasms are given in table 11, and a summary by type and anatomic distribution in table 111. Squamous cell carcinomas and adenocarcinomas account for 45 of the 47 neoplasms. The oral cavity and the esophagus, primarily the distal esophagus, were the sites of squamous cell carcinomas. Most of these lesions were well differentiated and locally aggressive, and rarely metastasized beyond regional lymph nodes.
The largest number of adenocarcinomas (15 of 22) occurred in the large intestine. Twelve of these were from a single large colony of cotton-topped marmosets (Suguinus oedipus oedipus) [27, 361. Investigation of possible causative factors in these 12 cases of colonic adenocarcinoma did not identify a specific cause. The authors presented evidence, however, that environmental factors were not involved, and concluded that cotton-topped marmosets may be uniquely susceptible to development of colonic adenocarcinoma.
Like the benign lesions, malignant lesions also affected a variety of Old and New World monkeys. Macaques, however, predominated (22 of 47 cases). In contrast to benign lesions, which occurred in relatively young animals, malignant lesions developed in older adults and aged individuals. The average age among macaques was 14 years, with a range of 5 to 25 years. In this paper we present 11 new cases of malignant gastrointestinal lesions from the files of four primate laboratories.
Materials and Methods
Case materials included in this report were derived from the files of the Yerkes Regional Primate Research Center (monkeys 2-6, 9, 1 l), the National Institutes of Health (monkeys 1, 7), the Johns Hopkins University (monkey 8) and Litton Bionetics Research Laboratories (monkey 10). All studies were made with standard hematoxylin and eosin (HE) sections. Selected sections were stained with periodic acid-Schiff (PAS), Masson trichrome, or a reticulum stain.
Results
Eleven monkeys with a total of 12 primary gastrointestinal neoplasms (one monkey had two primary lesions) are reported. All 12 lesions were malignant; they included ten adenocarcinomas, one lymphosarcoma and one poorly differentiated sarcoma. A summary of pertinent data on these lesions is given in table IV. Specific clinical and pathologic aspects for each lesion are detailed below. Nonenoted M 24
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Regional lymph node None noted F Adult None noted F Adult Regional lymph nodes Monkey 1, an aged male rhesus, was treated for several bouts of diarrhea. He was killed because of progressive weakness, dehydration, and weight loss. At necropsy, the wall of the body and pyloric portions of the stomach were thick, fleshy, and uniformly light tan. The gastric folds in affected areas were hypertrophied, their mucosa disrupted by several small erosions and petechiae. The only other gross abnormality was moderate enlargement of several gastrosplenic lymph nodes. Micro-scopically, the wall of the stomach was severely infiltrated by sheaths of histiocytelike cells with large, irregularly round vesicular nuclei and prominent large eosinophilic nucleoli. The neoplastic process was most severe in the submucosa, which in some areas was 1.5 cm thick. Similar neoplastic cells infiltrated the sinusoids of the enlarged gastrosplenic lymph nodes. Absence of lesions in other organs or lymphoid tissues suggested that the lesion was a primary gastric histiocytic lymphosarcoma.
Monkey 2, a 24-year-old male rhesus monkey, had been exposed to 320 rem of mixed spectrum irradiation from an atomic bomb detonation in 1957. The monkey had no significant clinical signs other\ than gradual weight loss (from 8.14 kg in November 1976 to 6.76 kg in October 1978) until January 1979, when he showed signs of acute intestinal obstruction. A laparotomy on 29 January showed a circular, fibrotic constriction of the upper duodenum. The lesion and a segment of intestine were removed surgically. Histologic examination of the resected specimen showed a well-differentiated invasive annular intestinal adenocarcinoma. The central portion of the lesion was ulcerated; the neoplastic glandular elements extended through the muscular coats to the serosa and laterally undermined the adjacent intact mucosa. An early desmoplastic reaction was present in the serosa opposite the area of ulceration. Presence of neoplastic cells in the desmoplastic serosa and evidence of lymphatic invasion suggested lymph node metastasis. Unfortunately, no regional nodes were found in the surgical specimen. The monkey had an uneventful recovery from surgery and presently is free of clinical signs.
Monkey 3, a 26-year-old male rhesus, was exposed to 64 rep of neutron irradiation in 1954. He had gradual, progressive weight loss from 11.0 kg in October 1973 to 5.18 kg at the time of death in November 1978. He was treated with antibiotics for urinary tract and prostate infections in March 1977 and subsequently treated with estrogens and castrated because of prostatic hypertrophy. He responded to treatment and was in fair condition until October 1978, when he was found to be anemic and emaciated. He died approximately one month later of acute gastric dilatation. Necropsy showed that a firm annular lesion severely constricted the lumen of the jejunum 22 cm from the pylorus. The mass was approximately 1.5 cm wide, was centrally ulcerated, and had raised irregular margins. Microscopically, the neoplasm was a well-differentiated adenocarcinoma composed of glandular elements of various sizes, lined by stratified columnar epithelium and associated with extensive fibrosis. The neoplasm extended to the serosa, where it invaded local lymphatics. The rolled, elevated mucosal margins were the result of a sharp boundary between the thickened carcinomatous mucosa and the normal intestinal lining. No gross or microscopic metastases were found.
Monkey 4, a 24-year-old male rhesus, had been exposed to 64 rep of neutron irradiation in 1954. Routine hematologic studies in 1975 showed moderate to severe anemia. Also, at this time a palpable mass was found in the abdominal cavity, which on laparotomy was found to be a thickening of the wall of the lower ileum and enlargement of associated lymph nodes. Histologic examination of biopsy specimens showed metastatic adenocarcinoma in two small resected lymph nodes. After surgery, the animal had progressive weight loss and deteriorated clinically, He was killed eight months after surgery, when he became moribund. Necropsy showed acute peritonitis and obstruction of the distal ileum and ileocecal valve. The wall of the affected ileum was severely ulcerated, thickened, whitish and indurated. Many white nodules, 8 to 15 mm in diameter, were present in the left upper lobe and the right lower lobe of the lung.
Microscopically, the ulcerated ileal lesion was lined by dense granulation tissue infiltrated by numerous glandular structures of various sizes which extended through the muscular coats to the serosa and in some areas invaded the mesentery ( fig. 1) . Associated with the invasive process was extensive fibrosis. The glandular elements were lined by cuboidal to tall columnar epithelium. Cuboidal cells lined small tubular structures and had large vesicular nuclei and prominent nucleoli. The tall columnar cells lined the large glandular elements, had dense hyperchromatic oval nuclei, and often were multilayered. Mitotic figures were present but not numerous. An abrupt boundary was present between the neoplastic and the intact mucosa. Lymphatic invasion was most prominent in the serosa. Metastatic lesions in regional lymph nodes resembled the primary lesion, while the pulmonary metastases were cavitary lesions lined by tall columnar epithelium ( fig. 2 ).
Monkey 5, a 21-year-old female rhesus, was exposed to 200 R of cobalt irradiation in 1958. In October 1975 a small mass was palpated in the lower abdomen in the region of the uterus. The monkey was otherwise in good physical condition. In October 1976 she had a period of prolonged menstruation with anemia, anorexia, and weight loss. At this time, the uterine mass seemed to be about the same size. Examination showed a second palpable mass in the upper mid-abdomen, however. The monkey continued to have periodic episodes of prolonged menstruation and various degrees of anemia and anorexia. On 19 January 1977 she was lethargic and refused all food. The following day she had abdominal distention and had a blood urea nitrogen of 100 mg/dl. She was killed the next day when she became comatose. Necropsy showed acute peritonitis, hernoperitoneum, and intestinal wall thickening with obstruction in the ileocecal region. The lumen of the distal ileum was completely occluded; the mucosa in this region was congested, hemorrhagic and ulcerated. A second partial obstruction was present in the lower colon, caused by compression from an enlarged uterus and surrounding endometriosis. Microscopically, the neoplasm was a scirrhous adenocarcinoma morphologically similar to that in monkey 4. It arose in the distal ileum, disrupting the intestinal wall and invading the serosa and mesentery where it collided, but did not intermix, with implanted endometrial tissue. Vascular invasion was seen in the mesentery, and a regional lymph node was replaced completely by neoplastic tissue.
Monkey 6, an adult female rhesus, was found dead, having shown no signs of illness. Necropsy showed acute peritonitis associated with perforation of the lower ileum and ulcerative enterocolitis. A 1 x2-cm yellowish-white mass was present in the cecum in the region of the ileocecal valve. A similar 1 x2-cm whitish mass was in the right middle lobe of the liver. Microscopically, the cecal mucosa overlying the nodular intestinal mass was thck, and in areas had a villous appearance. The elongated and often cystic mucous glands were lined by a continuous layer of large goblet cells. The lumen of these glands was filled with mucin intermixed with cell debris. Similar glandular cysts which often formed large multiloculated cavities, were present in the body of the mass, which extended through the intestinal wall into the adjacent mesentery ( fig. 3 ). Extensive fibrosis was associated with the invading mucinous adenocarcinoma. Invasion of lymphatic vessels and veins was common, particularly in the mesentery. The metastatic liver lesion was similar to the primary lesion ( fig. 4 ).
Monkey 7 , an aged female rhesus, was found dead following a short period of weakness and anorexia. The wall of the distal ileum was circumferentially thickened, fibrotic, and fused by adhesions to the wall of the ascending colon. Regional mesenteric lymph nodes were enlarged, firm, and white. Numerous white, firm nodules, 5 to 10 mm in diameter, were present on the peritoneal and pleural surfaces. Similar nodules were present in the liver and lung, and on the surface of the spleen. The largest metastatic lesion was an ovoid 1.5~2-cm mass in the diaphragmatic lobe of the liver. Microscopically, the neoplasm was a highly desmoplastic adenocarcinoma with a well-developed small tubular pattern.
Monkey 8, an adult male cottontop marmoset, had been at the National Zoo for 5.5 years. Clinical signs during the last 2.5 months included depression, inactivity, vomiting, and loose stools. A palpable abdominal mass was found at laparotomy to be a firm, irregular, glistening tumor involving the terminal ileum, cecum, and colon. Biopsy specimens taken from this mass and enlarged regional lymph nodes were inconclusive. Because of the suspected neoplasm, the monkey was killed. At necropsy, the mass involved the distal 2 cm of the ileum, the cecum, and the proximal 1 cm of the colon. The wall of the intestine in this area was thick and fibrotic, causing severe narrowing of the lumen. The desmoplastic process was so severe that it made identification of the cecum difficult. The mucosa of the cecum and affected colon was severely ulcerated. The wall of the small intestine proximal to the mass was thickened to various degrees, but otherwise normal. Numerous fibrous adhesions were present in the region of the neoplasm. Microscopically, the lesion was a highly ( fig. 3 ) . HE. invasive mucinous adenocarcinoma which infiltrated the affected intestine and adjacent mesentery. Neoplastic cells were small, hyperchromatic, and round to cuboidal, and frequently contained mucus. They occurred as individual cells, small clusters, or tubular elements ( fig. 5 ) and, less frequently, lined mucus-filled cystic spaces ( fig. 6 ) . Desmoplasia was a prominent feature of the lesion, particularly in the serosa, mesentery, and involved regional lymph nodes. Although vascular invasion was common, no distant metastases were found.
Monkey 9, a 23-year-old female rhesus was exposed to 283 rem of mixed spectrum irradiation in 1957. The monkey had a gradual weight loss from 6.8 kg in January 1972 to 3.2 kg in July 1978, when she died. In June 1977 a palpable mass was found in the upper mid-abdomen, and it slowly increased in size. During subsequent examinations on 12 July 1978 she was anorectic and had bloody diarrhea. On 24 July, a biopsy specimen was taken by laparotomy from a mass in the ileocecal region. Histologic examination of the submitted specimen failed to reveal a tumor. On 27 July the monkey was depressed and had moderate abdominal distention. A second laparotomy was done because of an apparent intestinal blockage, and a portion of the terminal ileum, the cecum, and a segment of proximal colon were resected. The monkey died one day after surgery. The resected intestine contained a 3-cm, annular, firm lesion that completely encircled the wall of the colon and occluded the lumen. A narrow circular zone of mucosal ulceration was present in the center of the lesion. The margins of the ulcer were raised and somewhat nodular. At necropsy, a second small, elevated lesion was found in the mucosa of the duodenum in the region of the ampulla of Vater. Microscopically, the colonic neoplasm was highly cellular and comprised of numerous uniform, tubulo-glandular structures lined by multilayered cuboidal to columnar epithelium ( fig. 7 ). There was little desmoplasia associated with this lesion, and mitotic figures were common. Vascular invasion was seen at the periphery of the lesion and at least one regional lymph node was partially replaced by neoplastic tissue.
The duodenal lesion microscopically was a well-differentiated adenocarcinoma with moderate desmoplasia. The affected mucosa was thick at the periphery of the lesion, and there was an abrupt transition between the carcinoma and normal mucosa. Neoplastic glandular elements extended from the mucosa through the submucosa and invaded the inner muscular coats ( fig. 8 ). No evidence of deeper spread or local metastasis was noted in conjunction with this duodenal lesion.
Monkey 10, an adult female rhesus, died following two to three weeks of anorexia and gradual weight loss. At necropsy, a 2.5-cm, grayish mass encircled and constricted the colon approximately 40 cm from the anus. The colon proximal to the constriction was dilated greatly. Microscopically, the affected colonic wall was thick as a result of mucosal hypertrophy and neoplastic invasion of the wall to the level of the serosa. The neoplasm was a well-differentiated adenocarcinoma with two basic morphologic patterns. The predominant pattern consisted of large, often cystic glandular elements lined by multilayered tall columnar epithelium which was thrown up into multiple folds ( fig. 9 ). The second pattern was characterized by small tubular elements lined by hyperchromatic, low columnar epithelium ( fig. 10 ). The latter pattern was limited to peripheral regions of the neoplasm where there was aggressive invasion of the adjacent colonic wall.
Monkey 11, an adult female galago, had no clinical signs. She was killed for experimental purposes. At necropsy a 2-cm round mass was found in the wall of the cecum adjacent to the ileocecal valve. A regional lymph node was moderately enlarged. Microscopically, the mass was a poorly differentiated sarcoma located primarily in the submucosa. Peripherally it extended by invasion through the outer muscular coats into the serosa and focally disrupted the overlying muscularis mucosae and mucosa. The neoplasm was solid, composed of sheaths of irregularly round, histiocyte-like cells ( fig. 11 ). In some areas, neoplastic cells were separated by eosinophilic granular to finely fibrillar material. Mitotic figures were present but not numerous. Lymphocytes infiltrated the mass, being most numerous at the margins of the lesion and along blood vessels. The architecture of the affected lymph node was disrupted severely by neoplastic cells, most of which were similar to those in the cecal mass. In one quadrant of the node, however, cell morphology changed to spindle-shape, and cells were arranged in palisading and cartwheel patterns reminiscent of a nerve sheath tumor ( fig. 12 ). 
Discussion
The association of advancing age and neoplasia in nonhuman primates is demonstrated well in our series. All monkeys were adults, and many were aged. The average age among the macaques, the predominant species in this series, was 23.6 years. The predominance of macaques (9 of 11 monkeys) is consistent with previous reports and probably is a reflection of the numerical superiority of these animals in captivity, particularly as adults in breeding colonies, rather than of a unique species susceptibility to intestinal neoplasia.
Clinical signs were seen in nine of the I 1 monkeys. The most common were progressive weight loss and poor appetite, both of which often were present for prolonged periods. Of the nine monkeys with intestinal adenocarcinomas, three had clinical signs of intestinal obstruction and four had a palpable abdominal mass. The palpable masses were resected surgically in three of the four monkeys; one of these is presently alive and free of clinical signs. The long clinical histories, relatively long duration of palpable masses, small size of most lesions, degree of histologic differentiation, and limited extent of metastatic disease at time of necropsy suggest that fig. 9 . HE. most of these intestinal carcinomas are slowly progressive lesions amenable to early detection by routine abdominal palpation of animals at risk, and treatment by surgical resection.
Consistent with reported cases, carcinomas predominated in our series (10 of 12 lesions). In contrast to reported gastrointestinal carcinomas, however, of which 23 of 45 were squamous cell carcinomas originating either in the oral cavity or the esophagus, all carcinomas in our series were adenocarcinomas of intestinal origin. These lesions were distributed throughout the intestinal tract, with five occurring in areas adjoining the ileocecal valve, suggesting a predilection for this region of the intestine.
Grossly, six of ten carcinomas were small, ulcerated, relatively well-defined, fibrotic lesions that encircled and constricted the intestine, resulting in various degrees of obstruction. Histologically, all were well-differentiated adenocarcinomas and two produced sufficient quantities of mucin to warrant being called mucinous adenocarcinomas. All were invasive, extending to the serosa or mesentery with metastases occurring in six of nine monkeys, most commonly to regional lymph nodes.
An exception to the above generalizations was the colonic lesion in the cottontop marmoset (S. o. oedipus). This lesion, while relatively well-differentiated, was not well-defined, was highly invasive and was suggestive of a rapidly progressive neoplasm. Both clinically and morphologically, this lesion is similar, if not identical, to a series of colonic carcinomas reported in a large colony of cottontop marmosets [27, 361. These authors suggested that S. o. oedipus may be uniquely susceptible to colonic adenocarcinoma and that the high incidence of this lesion in the cottontop may be related to chronic colitis in this species and possibly to reduced immune capacity.
In our series, five of nine monkeys with intestinal carcinomas were exposed to various doses of cobalt, neutron, or mixed irradiation 19 to 24 years prior to necropsy or surgery for intestinal cancer. While irradiation of this type is a well-known carcinogen, the significance of or role played by this exposure in the development of these intestinal carcinomas is undetermined.
Our series contains two nonepithelial tumors: a gastric histiocytic lymphosarcoma and a poorly differentiated sarcoma. The latter lesion occurred in the wall of the cecum and had an unusual cell pattern containing components consistent with a lymphoreticular neoplasm as well as elements consistent with a fibrous or nervesheath origin. While it is our opinion, as well as that of consultants, that this neoplasm is probably of lymphoreticular origin, we prefer to classify the lesion as a poorly differentiated sarcoma.
The establishment of increasing numbers of nonhuman primate breeding colonies and more judicious use and reuse of monkeys in experimental studies has shifted and will continue to shift the age of these animals upwards, with increasing numbers of adults and aged individuals in nonhuman primate colonies. With this shift in age, an increase in the incidence of neoplasms including gastrointestinal tumors can be expected. Our experience with the latter lesions suggests that many gastrointestinal tumors may be detected early and should be amenable to surgical treatment.
